Background: We established a patient-oriented biobank, BioBank Japan, with information on approximately 200,000 patients, suffering from any of 47 common diseases. This follow-up survey focused on 32 diseases, potentially associated with poor vital prognosis, and collected patient survival information, including cause of death. We performed a survival analysis for all subjects to get an overview of BioBank Japan follow-up data. Methods: A total of 141,612 participants were included. The survival data were last updated in 2014. KaplaneMeier survival analysis was performed after categorizing subjects according to sex, age group, and disease status. Relative survival rates were estimated using a survival-rate table of the Japanese general population. Results: Of 141,612 subjects (56.48% male) with 1,087,434 person-years and a 97.0% follow-up rate, 35,482 patients died during follow-up. Mean age at enrollment was 64.24 years for male subjects and 63.98 years for female subjects. The 5-year and 10-year relative survival rates for all subjects were 0.944 and 0.911, respectively, with a median follow-up duration of 8.40 years. Patients with pancreatic cancer had the least favorable prognosis (10-year relative survival: 0.184) and patients with dyslipidemia had the most favorable prognosis (1.013). The most common cause of death was malignant neoplasms. A number of subjects died from diseases other than their registered disease(s).
Introduction
BioBank Japan (BBJ) was launched in 2003, establishing a large patient-oriented biobank in order to contribute to the implementation of personalized medicine. Approximately 200,000 patients diagnosed with any of 47 target common diseases were enrolled in the BBJ in the first 5-year period of the project. 1e3 In this project, DNA, serum, and clinical information was collected from participants. This has been distributed to many researchers and companies, subject to an approved application, resulting in the publication of over 200 studies as of March 31 2016 . 4 Most studies have investigated genetic susceptibility to various diseases or genetic factors affecting drug efficacy and susceptibility to adverse drug reactions, providing important medical information for the implementation of personalized medicine. 5e20 However, to date, no study has investigated the genes or serum markers associated with long term prognosis, despite the fact that survival analysis is one of the most important aspects for the implementation of personalized medicine. Of the 47 common diseases, we focused on 32 diseases, including malignant neoplasm and cardiovascular disease, which are potentially associated with a poor vital prognosis. In 2010, we commenced the follow-up survival survey involving BBJ participants with any of the 32 diseases and updated the follow-up data until 2014. In the present study, we identified subject characteristics for the follow-up survey using clinical information at enrollment, performed survival analysis, and investigated the distribution of causes of death in the deceased subjects.
Materials and methods

Study design
We enrolled patients with any one of the 47 target common diseases between fiscal year of 2003 and 2007. For the follow-up survival survey, we focused on 32 out of the 47 diseases, associated with participant vital status (Table 1) . Data collection was started in 2010. Details of the protocols, participant recruitment, collection of clinical information, and follow-up survey, were described elsewhere.
2 Disease durations at the time of enrollment were calculated based on the date of onset or diagnosis of disease and the date of enrollment for 25 out of the 32 diseases. 2 The present protocols were reviewed and approved by the Ethics Committees of all participating institutions, including the Institute of Medical Science, the University of Tokyo, and the Center for Integrative Medical Sciences, RIKEN. Written informed consent was obtained from all participants. Baseline clinical dataset after data-cleansing, and follow-up dataset updated in 2014, were used for the present study.
Survival data analysis
We set the date of enrollment as a starting point for survival analysis. To examine whether the target 32 diseases affected vital prognosis, relative survival rates were estimated as the ratio of the observed cumulative survival rates of subjects to the expected survival rates of a group of people of the corresponding sex and age in the general population. To calculate expected survival rates, a survival-rate table of general Japanese population was obtained from the Cancer Registry and Statistics, Cancer Information Service, National Cancer Center, Japan. 21 The survival-rate 
Results
Characteristics of the subjects in follow-up survey
Of 161,822 participants with any one of the 32 diseases in the BBJ cohort, 20,210 participants were excluded from this follow-up survey due to withdrawal of consent, withdrawal of hospitals, refusal of follow-up survey, and registration error of the target disease. 2 A total of 141,612 (87.51%) were included in the follow-up survey. Among the 32 diseases, dyslipidemia was the most common disease (n ¼ 37,478), while gallbladder/cholangiocarcinoma were the least common (n ¼ 366) ( Table 1) . Of all subjects, 56.48% were male and mean age at enrollment was 64.24 years for male subjects and 63.98 years for female subjects. Although the sex ratio varied among the diseases, there were no substantial differences of the mean age at enrollment between the sexes, according to disease. As all the participants were enrolled after onset or diagnosis of the target disease(s), we examined whether disease durations at enrollment would affect participants' survivals. More than half of the subjects with 8 of the 13 malignant neoplasms were enrolled within a year after diagnosis (eTable 1-1), while most of the subjects with other chronic diseases were enrolled more than 3 years (or even 5 years) after onset or diagnosis of the disease (eTables 1-2 and 3), after excluding the subjects with unknown disease durations.
Outlines of follow-up survival data
Analysis of follow-up data showed that median follow-up duration in all subjects was 8.40 years and follow-up rate was 97.0%. Of the 141,612 subjects with 1,087,434 person-years, 35,482 subjects died during follow-up. We could identify the causes of death in 31,054 (87.5%) cases. The follow-up rates across the diseases were comparable and even the lowest follow-up rate was 93.4% in drug eruption. In contrast, the median follow-up duration for each disease varied from 1.29 years for pancreatic cancer to 9.16 years for cerebral aneurysm, mostly dependent on the prognosis of each disease ( Table 2 ). The 5-year and 10-year relative survival rates in all subjects were 0.944 and 0.911, respectively. The relative survival rates in each disease showed that pancreatic cancer exhibited the worst prognosis (0.291 over 5 years and 0.235 over 10 years), followed by other hepato-biliary-pancreatic diseases such as liver cancer, gallbladder/cholangiocarcinoma, and liver cirrhosis. Of note, the 10-year survival rates for dyslipidemia and prostate cancer were higher than those in the general population (10-year relative survival rate: 1.013 for both diseases) ( Table 2 ). The observed survival analysis, stratified by disease durations at enrollment revealed that disease durations within one year were associated with low survival rates for most malignant neoplasms except liver, prostate and breast cancers. In contrast, longer disease durations were associated with lower survival rates for metabolic diseases: dyslipidemia and diabetes mellitus (eTable 1).
Survival analysis with sex and age
Observed cumulative survival rates of all subjects, analyzed by KaplaneMeier methods, showed improved prognosis in female subjects, while relative survival rates were similar between both sexes (Fig. 1A) . Thirty-one of the 32 diseases were categorized into seven groups: malignant neoplasms, liver disease, cerebrovascular disease, cardiovascular disease, respiratory disease, metabolic disease, and locomotive disease (Table 1) . Further survival analysis in each disease category also found a poorer prognosis among male subjects, across all disease categories (Fig. 2) . Even in relative survival analysis, some disease categories, such as malignant neoplasms, liver disease, respiratory disease, and locomotive disease, exhibited a poorer prognosis among male subjects. Conversely, the relative survival rates in cardiovascular disease showed a poorer prognosis among female subjects. Furthermore, the relative survival rates showed a rapid decline during the first four years but a slower decline at a later period for malignant neoplasms and liver disease, while other diseases displayed a consistent decline throughout follow-up (Fig. 2) . When the subjects were categorized according to their age groups, cumulative survival rates showed a clear trend of poorer prognosis with advancing age (Fig. 1B) .
Analysis of cause of death
The causes of death based on the ICD-10 code were also analyzed. The four most frequent underlying causes of death in Japan are malignant neoplasm (coded as C00-C97 by ICD-10), cardiovascular disease other than hypertension (I01-02, I05-09, I20-25, and I30-I52), pneumonia (J12-J18), and cerebrovascular disease (I60-69).
23 Therefore, the underlying causes of death in the present analysis followed the same categorization. The order of frequency among all subjects according to the four cause-of-death categories was comparable with that in Vital Statistics, Japan, 2014 (Fig. 3) . Analysis of the cause of death by disease category revealed that the causes of death tended to be related to the registered disease; malignant neoplasm was the cause of death in 76.8% of subjects with malignant neoplasms (42.9% of all subjects), cardiovascular disease was the cause of death in 27.6% of subjects with cardiovascular disease (15.2% of all subjects), and cerebrovascular disease was the cause of death in 17.1% of subjects with cerebrovascular diseases (7.3% of all subjects) (Fig. 3) .
Discussion
In the present follow-up survey, 141,612 BioBank Japan participants with any of the 32 diseases were included. Analysis of baseline clinical information of the subjects showed comparable characteristics (at least, according to sex and age) among all participants with the any one of the 32 diseases (Table 1) , 3 even though a number of participants were excluded for various reasons. 2 Of the 141,612 subjects with 1,087,434 person-years and 97.0% follow-up rate, 35,482 subjects died during the follow-up. The median follow-up duration was 8.40 years. Relative survival analysis revealed poor prognosis for some of the cancers such as pancreatic cancer, liver cancer, and gallbladder/cholangiocarcinoma (Table 2) , which had already been reported as lethal malignancies. Furthermore, two other chronic diseases, liver cirrhosis and interstitial lung disease/lung fibrosis, were also associated with a poor prognosis, with a 10-year-relative survival rate of less than 50%. Analysis of the causes of death showed that the four most frequent underlying causes of death in all the subjects were malignant neoplasm, cardiovascular disease other than hypertension, pneumonia, and cerebrovascular disease. To our knowledge, this is the first study to perform long-term follow-up survival surveys on various common diseases, including malignant neoplasms and other chronic diseases. Analysis of relative survival rates according to sex showed that male subjects had a poorer prognosis for some disease categories, such as malignant neoplasms, liver disease, respiratory disease, and locomotive disease, while female subjects had a poorer prognosis for cardiovascular disease. These results indicated that sex-linked factors may specifically affect survival in such diseases. Several earlier studies on malignant neoplasms described relative survival rates after stratifying for some clinical variables, such as sex, presenting status, histological grade, and disease stage. Further detailed survival analysis on malignant neoplasms among the BBJ subjects with malignant neoplasms was also performed. 27e32 It is difficult to compare the results of relative survivals between the current and the previous studies, because of the different subject characteristics, such as ethnicity and life-style, and the differences in the health care system in other countries and the methods of enrollment used in Japan. The relative survival rates of malignant neoplasms in the current study appeared higher than those in cancer statistics in Japan, published by the Foundation for Relative survival rates (dotted) were estimated as the ratio of the observed cumulative survival rates of subjects to the expected survival rates, based on a survival-rate table of general Japanese population from the Cancer Registry and Statistics, Cancer Information Service, National Cancer Center, Japan. (B) Observed cumulative survival rates of all subjects by age-groups were analyzed by KaplaneMeier methods. Categorization of age groups was performed according to age at enrollment.
Promotion of Cancer Research. 33 This result is not surprising because a substantial proportion of cancer patients were registered more than one year after diagnosis, increasing the proportion of BBJ subjects with more favorable prognosis (eTable 1-1).
Relative survival analysis also showed significantly better outcome in subjects with dyslipidemia than in the general population (Table 2) , even though the population should be unbiased representative, based on the national public database Vital Statistics. As dyslipidemia was expected to be associated with poor clinical outcome, as it is a major risk factor for atherosclerotic disease, 34 further analysis is essential to identify the factors associated with a better prognosis in BBJ subjects with dyslipidemia. The most frequent cause of death in the present study was malignant neoplasm, followed by cardiovascular disease (other than hypertension), pneumonia, and cerebrovascular disease, which were also the four most frequent causes of death in the Vital Statistics (Fig. 3) . 23 However, a considerable number of subjects died from diseases other than the registered diseases. Indeed, as many participants were registered with multiple diseases, we need to consider the effect or interaction of comorbidity. Further investigation using detailed clinical information, including comorbidity, may explain how registered disease(s) are associated with a cause of death. One of the limitations in the present study is the selection bias at the enrollment, as 12.5% of the BBJ participants with the 32 diseases were excluded from the present study as they did not agree to the follow-up survey or for other reasons, 2 and some of the subjects had been enrolled several years after diagnosis or onset of the disease(s).
As it is generally challenging to set starting points for survival analysis follow-up in chronic diseases, due to their ambiguous onset, in the present study, we set the starting point for follow-up at enrollment. However, we still need to consider the possibility that such selection bias interferes with the natural history of results. A further limitation is incomplete information relating to the cause of death. We could not identify the cause of death in approximately 12.5% of the deceased subjects because Vital Statics data of deceased individuals in 2014 was not available for this survey.
In conclusion, a follow-up survey was performed for subjects with any one of the 32 target diseases in the BBJ Project. Characterization of the subjects enhanced the feasibility of the follow-up survey and survival analysis displayed different survival rates across the diseases. Further studies, using detailed clinical and survival data, as well as genome-wide single-nucleotide-polymorphism data, already obtained from approximately 170,000 participants in BBJ, 2,3 may prompt us to identify precise predictors for mortality and allow for the implementation of personalized medicine.
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